Purpose: Tumor size and multiplicity are known to be important prognostic factors in non-muscle-invasive bladder cancer (NMIBC). However, evaluation of accurate tumor size is subjective and difficult. Furthermore, there are limitations to the objectification of tumor volume in the case of multiple lesions. In this study, we investigated the relation between resection weight after transurethral resection of bladder tumor (TURBT) and the prognosis of NMIBC.
INTRODUCTION
Bladder cancer is the fourth most common cancer in men and the eighth most common in women [1, 2] . Approximately 70% of all patients with bladder cancer have a noninvasive (stage pTa) or lamina propria-invasive (stage pT1) tumor at the time of initial diagnosis [3] [4] [5] . Transurethral resection of bladder tumor (TURBT) is performed for the diagnosis and initial treatment of such lesions [6] .
For non-muscle-invasive bladder cancer (NMIBC), the probability of recurrence after TURBT at 1 year is 15 to 70% and the probability of progression at 5 years is 7 to 40% [7, 8] . Tumor size and multiplicity are known to be important prognostic factors in NMIBC [7] [8] [9] [10] . However, in comparison with multiplicity, evaluation of accurate tumor size is subjective and difficult. In particular, there are limitations to determining objective tumor volume in the case of multiple lesions. These limitations are expected to
FIG. 1.
Receiver-operating characteristic (ROC) curve (tumor weight). Points (black arrow) on the ROC curve represent the possibility levels generated from the logistic regression analysis that was used to select the optimal cutoff point. A predicted probability of 2 provided a sensitivity of 70.5% and a specificity of 57.0%. be corrected by the use of tumor weight. Accordingly, we used the weight of the tumor to measure the volume of the tumor. The purpose of the present study was to investigate the relations between resection tumor weight after TURBT and the prognosis of NMIBC.
MATERIALS AND METHODS
We retrospectively reviewed the charts of consecutive patients with NMIBC who underwent TURBT at our institution from September 1999 to May 2010. Our inclusion criteria were as follows: 1) pathological stage of Ta, T1 at initial diagnosis; 2) performance of TURBT with an available pathology report for review; 3) documentation of the current status of disease; and 4) ability to check the tumor resection weight in the pathology report. Individuals were excluded if they had evidence of carcinoma in situ in the pathology report, had not received intravesical bacillus Calmette-Guerin (BCG) instillations, or had evidence of distant metastasis (including regional nodal metastasis) at diagnosis [6] . Of the 593 NMIBC patients, 474 (77.9%) were primary. Thirty-five cases with primary carcinoma in situ, 31 cases in which tumor resection weight could not be checked, and 2 cases who did not receive intravesical BCG instillations were excluded from the study. In all, 406 patients met our inclusion criteria. One immediate postoperative intravesical chemotherapy procedure was done among the included patients. We analyzed the patient's age, sex, underlying diseases, cancer stage (pTa, pT1), grade, multiplicity (more or fewer than 3 lesions), size (more or less than 3 cm), lymphovascular invasion, and resection weight in relation to cancer progression and recurrence. The end-points of our study were recurrence or progression defined as a shift to stage T2, T3, or T4 disease.
All resected specimens were submitted to a department of pathology and fixed in formaldehyde, sectioned, and stained with hematoxylin and eosin. Pathologists evaluated the tissues for tumor stage, grade, pathologic staging, pathologic characteristics, and tumor weight.
Cancer stage was determined by using the American Joint Committee on Cancer (AJCC) tumor-node-metastasis (TNM) staging system and histological grade was determined with the 2004 World Health Organization (WHO) grading system. Resected tumor weight was measured after fixation in formaldehyde. We measured only tumor weight, excluding resected deep biopsy and margin weights, which are measures of normal tissue. We then used the probability to plot receiver operating characteristic curves and found an optimal cutoff point of 2 g by maximizing tumor recurrence and progression (Fig. 1) . The sensitivity and specificity of this cutoff point were assessed.
Follow-up was performed according to our institution's protocol. Cystoscopy was performed every 3 months for 2 years after TURBT, then every 6 months from 2 to 5 years, and then annually after 5 years. Patients were also examined by physical examination, general laboratory tests, chest X-ray, and urine cytology at each visit for cystoscopy. Abdominal and pelvic cross-sectional imaging was performed annually until 5 years after TURBT. In cases with visible tumor lesions or hyperemic mucosal findings in the bladder by cystoscopy or positive urinary cytological findings, transurethral biopsy or TURBT was carried out to in-
FIG. 2.
Kaplan-Meier plot for recurrence comparing Ta and T1 tumors (p=0.001), grades low and high (p=0.125), tumors greater than and less than 3 cm (p=0.190), multiplicity more than 3 and less than 3 (p=0.024), tumors greater than and less than 2 g (p=0.184), and lymphovascular invasion (p=0.002).
vestigate recurrence or progression.
All data were statistically analyzed by using the statistical software SPSS ver. 17.0 (SPSS Inc., Chicago, IL, USA). Estimation of the cumulative distribution of the disease-free interval as a separate factor was calculated according to the Kaplan-Meier method. For multivariate analyses, we used a Cox's proportional hazards regression model. In all tests, p-values＜0.05 were considered statistically significant. Table 1 shows the demographic and clinical characteristics of the TURBT patients; the mean patient age was 64.4 years, and men made up 83.5% of the study population. The median follow-up period was 76.9 months (range, 12 to 167 months) after initial TURBT. Tumor grade was low in 40.6% and high in 59.4%, and tumor stage was pTa in 67.5% and pT1 in 32.5%. Tumor size was larger than 3 cm in 47.3% and smaller than 3 cm in 52.7%. The number of tumors was 
RESULTS

Patients
Recurrence
Kaplan-Meier analysis revealed that recurrence was statistically significantly associated with stage (p=0.001), multiplicity (p=0.024), and lymphovascular invasion (p=0.002) (Fig. 2) . No statistically significant differences were found for grade or weight. However, multivariate Cox's proportional hazards analysis revealed that disease recurrence was significantly associated with grade (p=0.022) and multiplicity (p=0.043) ( Table 2 ). Stage, tumor size, and tumor weight were not predictors of recurrence. Recurrence risk was 1.6 times higher for tumor multiplicity (more than three) and 1.3 times higher for grade (high grade).
Progression
Kaplan-Meier analysis revealed that progression was statistically significant for stage (p=0.013), grade (p=0.002), multiplicity (p=0.001), weight (p=0.017), and lymphovascular invasion (p=0.023) (Fig. 3) . No statistically significant differences were found for tumor size. However, multivariate Cox's proportional hazards analysis demonstrated that grade (p=0.001) and tumor weight (p=0.018) were significant prognostic factors of progression (Table 3) . Patients with high grade had a 2.6 times higher progression risk than did those with low grade. Tumor weight more than 2 g was the most important prognostic factor because the risk of progression was 4 times higher than that for tumor weight less than 2 g. Patient age, sex, underlying disease, tumor stage, tumor size, multiplicity, and lymphovascular invasion were not statistically significant.
DISCUSSION
In the management of NMIBC, standard clinicopathological criteria such as multiplicity, tumor size, prior recurrence rate, T stage, tumor grade, and presence of concomitant CIS have been used to assess the risk of recurrence and progression [11, 12] . In addition, various environmental factors are associated with the carcinogenesis of bladder cancer, and the degree of exposure to these environmental carcinogens may vary in different countries and cultures [13] . Susceptibility to carcinogens also depends on genetic background, and such differences could contribute to the carcinogenesis of bladder cancer and the subsequent discrepancy in the incidence of recurrence or progression [13] . Most of all, it is known that the most important risk factor for progression is grade, not stage [9, 14] . Prognosis also correlates with tumor size, multiplicity, papillary versus sessile configuration, presence or absence of lymphovascular invasion, and status of the remaining urothelium [14, 15] . Although tumor size and multiplicity are generally considered prognostic factors in patients with NMIBC after TURBT [16, 17] , in some studies, the conclusions made about prognostic values were based on univariate analysis alone. In our study, in the multivariate analysis, tumor size was not a prognostic factor for recurrence and neither tumor size nor multiplicity was a prognostic factor for progression. In the univariate analysis, however, tumor size and multiplicity were prognostic factors for progression. As mentioned earlier, several factors such as environmental carcinogens, genetic backgrounds, and different countries and cultures may account for this discrepancy.
The most commonly used staging system is the TNM system proposed by the AJCC [18] . In the TNM system, except for bladder cancer, T stage commonly includes tumor size and multiplicity. The major factors in staging of bladder cancer, however, are depth of invasion into the bladder wall and the degree of differentiation (pathologic grade) of the tumor. Tumor size and multiplicity are not included in the TNM staging of bladder cancer. Nevertheless, several studies have determined that tumor size and multiplicity are significant predictors of cancer recurrence and progression.
Staging with cystoscopy is most suited for superficial tumors [19] . TURBT is performed both to remove all visible tumors and to provide specimens for pathologic examination to determine stage and grade. However, tumor size and multiplicity measured after TURBT and cystoscopy do not reflect the bladder tumor volume. Generally, tumor size measured as the diameter of the tumor and multiplicity do not correspond with tumor volume for tumor shapes such as sessile and papillary. We expected that these limitations might be corrected by the use of tumor volumes in the present study. Prediction of recurrence and progression with the use of tumor volumes was thought to be more suitable than the use of size and multiplicity. The weight of the tumor was used to measure the volume of the tumor in this study. Also, any factors already known to be related to recurrence and progression, including size and multiplicity, were included in the analysis.
FIG. 3.
Kaplan-Meier plot for progression comparing Ta and T1 tumors (p=0.013), grades low and high (p=0.002), tumors greater than and less than 3 cm (p=0.166), multiplicity more than 3 and less than 3 (p=0.001), tumors greater than and less than 2 g (p=0.017), and lymphovascular invasion (p=0.023).
A new finding in our study was that tumor weight increased the risk of progression. Our study showed that tumor weight predicts disease progression in patients with diagnosed NMIBC (p=0.018). The role of tumor weight in the progression of bladder cancer has not been studied by others; only tumor size and multiplicity have been studied previously.
Our prognostic factors for recurrence were grade and multiplicity (Table 2 ). Unlike in the other studies, in our study, grade was a prognostic factor for recurrence but tumor stage was not. We also proved a higher recurrence risk for multiple tumors. The significance of tumor size is controversial because it was not a prognostic factor in our study or in others [12, 13, 15, 16] but was significant in some studies [13, 14, 19] .
In our study, the prognostic factors for progression were grade and, most importantly, tumor weight (Table 3 ). The fact that grade was a prognostic factor for progression agrees with the findings of others. Unlike in other studies, however, tumor stage, multiplicity, and tumor size were not prognostic factors for progression in our study. This discrepancy might be attributed to the fact that progression was considered as a shift to stage T2, T3, or T4. Unlike in other studies, neither node invasion nor metastasis was considered in our definition of tumor progression. There were several limitations to our study. Our results were based on a retrospective analysis from a single institution. It is thought that measurement of tumor volume itself has limitations. Electrical and thermal injuries during TURBT are inevitable; hence, accurate measurement of tumor specimens was not possible. Also, although the tumor base was excluded from the weight measurement when cancer-negative, and NMIBC without pTIs was defined as an inclusion criterion to measure accurate tumor weight itself, we expect limitations. Furthermore, because of the long enrollment period of the study, there were changes in the WHO grading system and TNM staging system during this period. Although any changes in grade and stage were corrected for, different periods of follow-up already completed before the system changed were impossible to be corrected for.
CONCLUSIONS
After primary NMIBC has been treated with TURBT, it can be assumed that not only primary tumor multiplicity, but also grade and tumor weight are important determinants of the clinical course of NMIBC. Furthermore, in the multivariate analysis, the resection weight after TURBT (tumor weight) had statistical significance for the progression of NMIBC. Therefore, we may consider the resection weight after TURBT in the management of NMIBC.
